Abstract
NIST (National Institute of Standards and Technology) SRM 1640 composed of natural fresh water from Clear Creek, Colorado USA, was used as a reference with the certified value of 22.79 ± 0.96 µg/L Cd(II) and 27.89 ± 0.14 µg/L Pb(II).
Tap water samples were collected in different spots within the city of Hatyai, Songkhla, Thailand, digested by mixing the aliquot of 500 mL with 2 mL of concentrated HNO3 and 2 mL of KNO3, put in cleaned polyethylene bottles and kept at 4 °C before analysis.
Instrumentation
A PowerLab 2/20 with Potentiostat (ADInstrument, Australia) and EChem software was used for cyclic voltammetry (CV) and square wave anodic stripping voltammetry (SWASV), whereas Metrohm AUTOLAB PGSTAT 302N with NOVA software was used for EIS measurements. An Ag/AgCl, 3 M KCl reference electrode (Metrohm), a platinum counter electrode (Metrohm) and a modified glassy carbon electrode (Windsor Scientific Ltd., UK) with an inner diameter of 3 mm put in 50 mL cell were used for electrochemical measurements. All voltages were reported versus Ag/AgCl reference electrode. pH was measured by pH meter Model 510 (Eutech Instruments, USA) and inductively coupled plasma optical emission spectrometer (ICP-OES) Optima 4300 DV (Perkin-Elmer, USA) was used for the comparison of methods.
Preparation of modified electrode and starting procedure
The modified electrodes with different compositions and different orders of mixing were tested to select the one with the best sensitivity enhancement. Differential pulse (DP) and square wave (SW) results, as well as electrodes modified by in-situ and ex-situ Bi deposition were also compared. The following starting procedure was designed for further optimization:
Three electrodes were put in 50 mL cell containing 50 mL of 0.1 M acetate buffer pH 6. Then, 0.1 g/L Cd(II) and Pb(II), 200 g/L Bi(III), 1000 mg/L Meso and 1000 mg/L MBT were added into solution. The metals were then deposited under the initial conditions of -1.4 V for 300 s with stirring. After the equilibration time of 30 s, SWASV potential was scanned from -1.0 to -0.2 V with the scan rate of 250 mV/s, frequency of 50 Hz, amplitude of 75 mV and potential step of 160 mV to obtain the stripping current signals for analysis. Optimization was conducted by varying a number of parameters (vide infra) for the best analytical performance to be used in real sample analysis.
Results and discussion

Electrode modification and voltammograms of Cd(II) and Pb(II)
A number of modification experiments has been conducted to figure out the most suitable materials and methods. Ex-situ Bi deposition was found to result in a lower current value and unsymmetrical peak shape. As shown in Figure 1 , the best sensitivity was obtained for in-situ modified GCE in the order of Bi + Meso + MBT. The results reflect the role of Meso in increasing surface areas and sites, and role of Bi and MBT in alloy forming and complexation, respectively. Within the potential range of -1.0 to -0.2 V applied after the starting procedure, two well defined stripping peaks at Bi + Meso + MBT modified electrode were observed at -0.72 V for Cd(II) and -0.58 V for Pb(II), and the enhancement of stripping currents can be clearly seen for both metal ions. This kind of electrode modification was therefore used for further optimization, verification and analysis. Figure 2 shows the cyclic voltammetry (CV) results of differently modified GCEs in acetate buffer solution containing Ru(NH3)6 3+ (a) and Fe(CN)6 4-(b). It is clear that each modification step of GCE supports the electron transfer well for both inner and outer spheres by maintaining reversibility and increasing the current. The electron transfer capacities of modified electrodes were characterized by electrochemical impedance spectroscopy (EIS). Less curvature in an impedance spectrum is well known to represent less resistance to electron transfer. Therefore, Figure 3 reveals that addition of each modifying agent facilitates the electron transfer exhibiting less resistance, and the effect is highest after addition of MBT. 
CV and EIS for electrode characterizations
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Optimization
Comparison of SWASV and DPASV SWASV and DPASV parameters are summarized in Table 1 . Comparison of corresponding stripping currents is presented in Figure 4 , showing higher current enhancement in the case of SWASV. Hence, SWASV technique is selected for the following experiments. 
Effect of pH
Within the experimental pH range of 1 to 7, the maximum peak current for both metals was obtained at pH 6 as shown in Figure 5 (a) and this value was used for the next investigations. pH 6 is suitable for the formation of sulfide anions of MBT to form complexes with metal ions corresponding with pKa of 6.93 [32] . If pH is lower than 6, protonation causes the formation of sulfhydryl groups which make complex formation more difficult. At pH higher than 6, the metals are probably susceptible to form hydroxides.
Deposition potential
The influence of deposition potentials was investigated over the potential range of -0.1 to -1.5 V. As shown in Figure 5 (b), the current firstly increased steeply up to -1.1 V and then became almost constant. This is due to the greater extent of metal accumulation until the potential was high enough for deposition of both metals. Beyond -1.4 V, the current started to drop, possibly because greater thickness slows down the mass transfer and higher negative potential is susceptible to side reactions. The highest current for both metals is found at -1.1 V which was fixed for metal electrodeposition for the following study.
Deposition time
The deposition time was varied from 100 to 500 s. As shown in Figure 5 (c), the current values gradually increased with time up to 300 s because greater accumulation of bismuth facilitated formation of alloys until surface saturation was reached. However, the current dropped before it went up again, reflecting that certain time is needed for alloy rearrangement. The highest peak current was found at 300 s and this was used for further optimizations and applications.
Effect of Bi concentration
The concentration of Bi was varied from 100 to 500 g/L. Figure 5 (d) reveals firstly a normal trend of increasing current which is due to the increase of film thickness and then the current decreased because greater thickness can inhibit the mass transfer during the stripping step [33] . The concentration of 200 g/L provided the greatest peak current for both metals and was therefore selected for the following experiments.
Effect of Meso concentration
As shown in Figure 5 (e), similar trend is obtained when Meso concentrations were changed from 100 to 600 µg/L. Similar to previous explanation of the effect of Bi concentration, the excess of Meso can result in less current due to the obstruction of mass transfer. The concentration of 300 µg/L showing the greatest current was chosen for further investigations.
Effect of MBT concentration
As shown in Figure 5 (f), within the studied range of 100 to 600 µg/L, the stripping current increased with MBT concentration up to 100 µg/L and then decreased for both metals. This is due to the fact that high concentration of MBT could block the mass transfer of metal ions at electrodeposition sites. The MBT concentration of 200 µg/L was therefore selected for further experiments.
Scan rate
The stripping scan rate was changed from 50 to 300 mV/s. The stripping peak height was found to increase with the scan rate from 50 to 250 mV/s as shown in Figure 6 . Under the criteria of peak shapes, 250 mV/s is chosen for the further study.
For equilibration time, step potential and pulse amplitude, the optimization value based on the greater current was selected. All aforementioned optimized parameters are summarized in Table 2 and used in further experiments. 
Effect of other ions
Due to the capability of MBT to coordinate with a number of metal ions, the level of interference both from each other and other metal ions was investigated by the developed method under optimized conditions and the results are shown in Table 3 . With the increase of Pb(II) concentration, no significant interference was observed for Cd(II) peak current. Other ions including Ca(II), Mg(II), Zn(II), Mn(II), Fe(II), Cu(II) and Al(III) at 1000 µg/L were found to provide not high contributions for both metals. The most interfering ions here if present at high concentration are Cu(II) and Co(II) which normally can be masked by using a suitable and effective complexing agent such as ferrocyanide before analysis. 
Certified reference material determination, method comparison and real sample analysis
The proposed method was applied to a certified reference material, natural water SRM 1640 from the National Institute of Standards and Technology (NIST), USA. As shown in Table 4 , satisfactory recoveries, of 98.02 % for Cd(II) and 97.74 % for Pb(II) were obtained.
The proposed method was then used in the analysis of Cd(II) and Pb(II) in tap water samples collected from 11 sites in Hatyai city. Typical results of 5 th and 6 th regions are compared with ICP-OES results and summarized in Table 5 , reflecting good agreement between here proposed and standard methods. For real sample analysis with water from the 1 st , 5 th and 6 th regions used as typical samples, the recoveries values were found to be 100.7-101.4 % for Cd(II) and 100.8-101.2 % for Pb(II) as shown in Table 6 . As shown in Table 7 , the results obtained with here proposed method are comparable with the results obtained by other anodic stripping voltammetric based methods. It is clear, however, that here proposed method has the advantage of wider linear range, lower detection limits and greater simplicity. The only disadvantage could be a little longer deposition time, which can be adjusted according to the required accuracy. Other very recent methods without using bismuth are also included (Entry 1-6) as references to show that here proposed method is reasonably satisfactory. N-doped carbon quantum dots graphene oxide hybrid In situ Bi/Graphite/Epoxy: in situ bismuth film on graphite dispersed in epoxy resin Bi-Meso-MBT/GCE: Bismuth mesoporous silica 2-mercaptobenzothiazole modified GCE
